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5.1 Background

It is important to know the length of time an LMSS channel is available and unavailable
without interruption for optimally designing communication systems which handle coded
messages over defined bandwidths. Receivers designed by communication engineers may,
for example, be equipped with a digital soft-decision modem and a powerful foward error
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correcting code implemented with a convolution coder and Viterbi decoder. To optimally
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design such receivers, which have ,nly two states, good or bad, a knowledge is required of the
statistics associated with durations of fades which fall below and above defined attenuation
thresholds. In order to implement proper designs of demodulators for coded data, it is also
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transmitter platform, and the latter, the Japanese ETS-V [Vogel et al., 1991] During the
latter campaign, phase fluctuations were also measured and associated statistics described
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Hase et al., 1991].

E9 TERwvnarimental Aenacte
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Measurements performed in south-eastern Australia employed left-hand circularly polarized
cw transmissions radiated from the Japanese ETS-V satellite at a frequency of 1545.15 MHz
The in- and quadrature-phase detector voltages (noise bandwidth = 1 kHz) as well as the
output from a power detector with pre-detection bandwidth of 200 Hz were recorded at a
1 kHz rate. The receiver antenna consisted of a crossed drooping dipole antenna having a
4 dB gain, an azimuthally omni-directional radiation pattern, and a relatively flat elevation
i i1 1 1.1 +70 1. mro /M _11_ 0 a\
pattern over the beamwidth 15° to 75° (Table 3.3).
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ond samples. All fade and non-fade durations were expressed in units of traveled distance
(m) for which the fades were continuously exceeded or were less than thresholds ranging
from 1 to 8 dB. The “distance durations” may be converted to “time durations” by dividing

the former by the speed (which was nominally 25 m/s).

The phase data were extracted from the quadrature detected signals where the low fre-
quency components, due primarily to oscillator drift and Doppler shift changes, were rejected
by digital filtering. The phase shifts measured were therefore caused by roadside obstacles.

- -— =

The following emphasizes the Australian data base (elevation to satellite = 51°). Fade
durations have also been examined for the central Maryland region [Goldhirsh and Vogel,
1989] and these results show a slight dependence on elevation angle.

The fade durations were with good accuracy observed to follow the lognormal distribution
dd > .02 m
1{ [(lndd —Ina)])
P(FD>dd|A>A,)=={1—erf| - [} (5.1)
2\ L V20 ])
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Table 5.1: Best fit exponential cumulative fade distributions parameters u and v from form
(5.3) derived from measurements on roads exhibiting “extreme” and “moderate” shadowing
for a path elevation angle of 51°
Road Type| u v rms (dB) | Fade Range (dB)
Moderate | 17.57 | 0.2184 0.1 2-13
Extreme | 95.78 | 0.1951 0.3 2-15

where P(FD > dd | A > A,) represents the probability that the distance fade duration FD
exceeds the duration distance dd under the condition that the attenuation A exceeds A,.
Also, erf is the error function, o is the standard deviation of Indd, and In o represents
the mean value of Indd. The left hand expression (5.1) was estimated by computing the
percentage number of “duration events” which exceed dd relative to the total number of
events for which A > A4. An event of duration distance dd occurs whenever the fade crosses

nd persists “above that level” for the driving distance dd. A desired

joint probability that FD exceeds dd and A exceeds A This is given by

CARALLLLES QL K218 1 LALSERS NG 2232198 89

P(FD > dd,A > A,) =P(FD > dd | A> 4,)P(A > A,) (5.2)

where P(A > A,) is the absolute probability that the fade exceeds the threshold A4 and is
given by cumulative fade distributions described in Figure 5.1 for road-types whose degrees
of shadowing are classified as “extreme” and “moderate”. The “extreme” condition
corresponds to measurements along a road having a continuum of overhanging tree canopies
where almost persistent shadowing occurred. This condition is generally not encountered
and is presented here as a “worst case” scenario. The “moderate” condition corresponds
to measurements in which there were 50% to 75% of optical shadowing. This distribution
was used as part of the overall data base employed to validate the ERS model (Section 3.4).

These distributions are described by the “best fit” exponential

2J 2AE oL 11V < 228 4 o

P(A > A,) = uexp(—vA,) (5.3)

where P is the percentage of the distance driven over which the fade A4 (in dB) is exceeded.
The parameters u and v are tabulated in Table 5.1 along with the rms deviations of the
measured distributions relative to the best fit curves.

For the case in which there was a 5 dB fade threshold, fade duration measurements
executed on three roads (2 moderate and 1 extreme) exhibited values of a and o which were
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Figure 5.1: Best fit exponential fade distributions of the fo
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Table 5.2: RMS deviations relative to log-normal fit (o = 0.22, & = 1.215) of cumulative
distributions of fade durations (threshold of 5 dB) for various runs exhbiting moderate and
extreme shadowing [Equation (5.1)}.
PR PR DA i — T i /L__\
Shadowing Level % RMS Deviation | Distance {Km)
agy_1_ _ D ___ \ 0o N
Moderate (Run 1) 16.4 33.0
AV ] 2 /1 P23 e n o=
Moderate (Run 2) 18.0 8.1
Extreme 13.6 24
nearly coincident for the individual runs. The resultant “best fit” regression values are given
by
o
a=022 (5.4)
c=1.215 (5.5)
As may be noted from Table 5.2, the measured fade durations for the various runs showed an
overall rms deviation of less than 20% relative to the those derived employing the best-fit log
- manenn o tobdemtbheediman olmen 1 - 2an 2 e e o Lt ___ __ _1____ _____1
normal distribution shown plotted in Figure 5.2. For engineering convenience, the lognorm
32 a L. a2 S _V_aa_ 3 __ 1____‘al ___°_ ___%__ _°*_ __ .t _ _______1___ ___1 : a 1
asuripunion 18 pioviea on K ga.rlt.n 1C SCal€s since wne p TCENLALZE Valu€s are easier 1o reaq.
n fan - a ainela cat ~Af walicas Af A anm - - a mememlio ~ - U s N o
Thc f t th t a dl lslc uct f v }UCS Uf (9 4 uud U 1lay bc a.ppllu’.‘} t‘) thc luudct tc ud
Uk 0 4 ——d L. __ _____ £33 _ 0 __ a1 __1° 1L ______1_ & I al _

extreme” road-types suggests that whenever a fade is encountered which exceeds 5 dB, the
physical characteristics of the irees which create the fades are the same. In other words, the
different roads are distinguished by the frequency with which tree shadowing is encountered.
Once encountered, the shadowing duration characteristics are similar.

Fade duration statistics have also been compiled by Goldhirsh and Vogel [1989] in central
Maryland for angles of 30°, 45°, and 60° for 5 dB and 10 dB thresholds. A slight elevation
angle dependence was discernible for the three cases; the smaller the elevation angle, the
larger the fade duration for any fixed percentage. For example, the 30° fade duration showed
approximately twice that for the 60° case. This is consistent with the fact that at the lower
elevation angles there is generally more persistent shadowing.

4
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5.4 Cumulative Distributions of Non-Fade Durations
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A “non-fade duration” event of distance duration dd is defined as the distance over which
the fade levels are persistently smaller than a prescribed fade threshold. A non-fade duration

1=

the “fade duration” case. The measured data were noted to fit the power expression

analysis was performed by the authors emnk;ving the same data set as described above for

-

&

&

(5.6)

e) = ﬂ(dd)"’

\

P(NFD>dd|A< A

where P(NFD >dd | A < A,) is the percentage probability that a continuous non-fade

~

smaller than the threshold A,. The values of the parameters 8 and

4

N

distance NFD exceeds the duration distance dd (m) given the condition that the fade is
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5.4 Cumulative Distributions of Non-Fade Durations
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5.5 Cumulative Distributions of Phase Fluct

Phases were obtalned irom measured 1 and !.g oompon 1§ ailer u T
and oscillator drifts were eliminated usmg a high pa.ss filter [Hase et m., wul] Conditional
cumulative phase distributions were derived for each of the road-types described above. The

conditions for these distributions were that the fades exceed attenuation thresho
ranging between 2-8 dB.

The “best fit” phase fluctuation distributions were found with good accuracy to follow a
fifth order polynomial over a percentage exceedance range of 1% to 90% having the form

w
M

P(d;»dp!

\¥Y < Yu

A> A, Y (5.8)
=1 \ 4

where (5.8) may be read as the probability that the phase ¢ (degrees) exceeds the threshold
level ¢, given a fade A(dB) exceeds the threshold level A;. In Table 5.4 is given a listing
of the values of the polynomial coefficients a; at the threshold fade level of 5 dB for the
“extreme” and “moderate” road types (Figure 5.1). The corresponding phase fluctuation
distributions are given in Figure 5.4.

We note that over the range 5% to 95% in Figure 5.4, the phases are within +15° relative
to the average for both the “moderate” and “extreme” cases. The indicated “best fit”
polynomials agreed (in phase) with the individual measured distributions to within 15%

or the “moderate” runs, cumulatlve distributions of phases over the probability range
ound to be minimally dependent on fade thresholds of 2 to 8 dB. We define

1% to 90% were found to endent on fade
he “phase spread” as the maximum phasp difference (at equal probability) between the
individual distributions for the different fade thresholds. A phase spread of less than 5° was
noted for the “moderate” case over the range of distributions having fade thresholds 2 to 8
dB. For the “extreme” case, an approximate 20° phase spread {or less) was noted within the
1% and 99% levels over the fade threshold level of 2 to 8 dB

Based on the above reS“‘ts, it would appear the influence of phase fluctuations on de-
moduiauon Eecnmqu&s at the ele ion anglc consi ed ‘.g., 51°) is minimal and that

- reey 4
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Table 5.4: Listing of polynomial coefficients characterizing phase fluctuation distributions of
the form (5.8) for road types exhibiting “moderate” and “extreme” shadowing and a 5 dB
fadoa thrachald
AUNAN, ViiiVOLAVINA
Polynomial Coefficients
oad Tvne a. a. an an a. ae
SVISSSS S F - i & i = 4
Moderate | 56.51 | —6.516 | —7.325 x 10=% | 2.380 x 102 [ 2.059 x 10~4 | —3.985 x 10~°
Extreme EA92 ] _4949 1 10807 «v 10-2 | £ 495 »w 10-3 1909 v 105 | _4 958 w 10~
U e D Eebt'X b A:WVWUJI /N AV Ve XeJ /N AV e UUds /7N AV EedttUNJ /N AV

(private communication) reported large phase fluctuations for elevation angles between 5°
and 20° which have a significant impact on digital communications.
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